The optical classification of a Seyfert galaxy and whether it is considered X-ray absorbed are often used interchangeably. But there are many borderline cases and also numerous examples where the optical and X-ray classifications appear to be in conflict. In this article we re-visit the relation between optical obscuration and X-ray absorption in AGNs. We make use of our "dust color" method to derive the optical obscuration AV and consistently estimated X-ray absorbing columns using 0.3-150 keV spectral energy distributions. We also take into account the variable nature of the neutral gas column NH and derive the Seyfert sub-classes of all our objects in a consistent way. We show in a sample of 25 local, hard-X-ray detected Seyfert galaxies (log LX/(erg/s) ≈ 41.5 − 43.5) that there can actually be a good agreement between optical and X-ray classification. If Seyfert types 1.8 and 1.9 are considered unobscured, the threshold between X-ray unabsorbed and absorbed should be chosen at a column NH = 10 22.3 cm −2
Introduction
Seyfert galaxies are commonly classified by the presence or absence of broad permitted emission lines in the optical, though finer classification schemes exist to differentiate between the various types of broad-line galaxies. A complementary classification scheme is afforded by space-based X-ray observations which allow us to determine the equivalent neutral hydrogen absorbing column N H towards the compact X-ray emitting corona around the central black hole. The result of these phenomenological classifications is a great apparent diversity of active galactic nuclei (AGNs).
The most successful approach to understand this menagerie of AGN types is unification by orientation (Rees 1966) . Polarized, i.e. scattered, broad lines are probably the strongest indication for a "torus", i.e. toroidal obscuration by dust (Antonucci & Miller 1985) blocking our line of sight towards the Broad Line Region (BLR) at some inclinations. Strong support for a confining structure on small scales also comes from observations of well-defined ionization cones (e.g. Schmitt et al. 2003) . For a comprehensive overview of the concept of the torus we refer to the recent review by Netzer (2015) .
Plenty of observational tests have challenged the "unified model". For example, claims for obscured ("type 2") AGNs without hidden BLRs have been made (Tran 2001 ), but recent investigations have shown that most of these objects actually do show broad lines in polarized light if sensitivity is carefully taken into account (Ramos Almeida et al., submitted) . Objects that intrinsically lack a BLR (dubbed "true type 2") are rare (Panessa & Bassani 2002) and most of them turn out to be either ordinary "type 2s" (with a substantial column of neutral gas) or faint "type 1s" if examined carefully (Shi et al. 2010) .
However, there are clearly exceptions to the rule such as type 1 AGNs in edge-on configurations (e.g. NGC 3783, Müller-Sánchez et al. 2011) . This argues in favor of statistiArticle number, page 1 of 8 arXiv:1511.05566v2 [astro-ph.GA] 12 Jan 2016 A&A proofs: manuscript no. obscuration cal unification where an AGN is more likely to be observed as a broad-line (type 1) AGN if its torus has a larger opening angle or a smaller number of clouds as shown by SEDfitting with clumpy torus models (Ramos Almeida et al. 2011; Elitzur 2012) .
It is also a matter of debate where exactly the obscuring structure is located. While infrared continuum reverberation mapping and interferometry have shown that the hot and warm dust are located on (sub-)parsec scales (e.g. Burtscher et al. 2013 , and references therein), geometrically thick gas structures are also found on the slightly larger (∼ 30 pc) scales of nuclear star clusters (Hicks et al. 2009 ) and there is also evidence in a few Compton-thick galaxies that a substantial amount of obscuration might be contributed by the host galaxy since some of the deepest silicate absorption features are seen in edge-on galaxies (Goulding et al. 2012) .
Much of the uncertainty arises due to different tracers of the obscuration/absorption down to the nucleus and may lead to inconsistent classification across the electromagnetic spectrum (e.g. Merloni et al. 2014) . While some of this inconsistency may be caused by dust-free, neutral absorption in the torus , one has to keep in mind that the different tracers are susceptible to various issues, e.g. the effects of host galaxy dilution and contamination, or the details of X-ray spectral modeling.
In this work, we use a new measure of the NIR-MIR extinction , which is more sensitive to high dust columns than purely optical methods. Also, we use the best available X-ray spectral modeling results for a well-defined sample of local AGNs. We fold in a consistent classification of Seyfert types and -most importantly -take into account the temporal variability of the X-ray absorbing column. With this, we explore the relationships between the X-ray and optical obscuration in a more rigorous way than done before. We compare the columns of gas and dust that the different tracers of obscuration imply and discuss what this means for the concept of the torus and its structure.
The paper is organized as follows: We briefly introduce the sample and method (Section 2) and then study the relation between the optically-classified Seyfert type and Xray absorption (Section 3) as well as the relation between optical obscuration and the X-ray absorbing column and discuss its implications (Section 4).
Sample and Analysis
Our selection is based on the sample presented in Burtscher et al. (2015, hereafter: B15) . There we used essentially all local (D 60 Mpc) AGNs observed with VLT/SINFONI integral field spectroscopy in the near-IR K band. Now, we additionally require the source to be detected in the BAT 70-month survey (Baumgartner et al. 2013 ) in order to have consistent N H estimates using 0.3-150 keV spectral energy distributions (Ricci et al., in prep) 1 . We include three additional BAT-detected AGNs (ESO 137-G034, NGC 5728 1 The baseline model that was used for the spectral fitting (in the 0.3-150 keV band) included an absorbed cutoff power-law continuum plus a reflection component (pexrav in XSPEC). For unobscured sources (log NH/cm and NGC 7213) which have new VLT/SINFONI data from our ongoing observing programme . The sample and some relevant properties are listed in Tab. 1. For these sources we derive the fraction of near-infrared non-stellar light f NIR AGN using the level of dilution of the stellar CO(2,0) absorption profile at 2.29µm as a proxy for the AGN light. Here, we summarize briefly the method to derive the extinction and refer the reader to B15 for more details.
The temperature is estimated from a fit to the K band spectrum using a stellar template and a blackbody. To derive the optical extinction to the hot dust we use a simple torus model involving a hot (T ≈ 1300 K) and a warm (T = 300 K) component. By assuming that the intrinsic temperature of the hot dust is roughly a constant, set by the sublimation of dust rather than by the chances of matter distribution, we can explain cooler temperatures and redder near-to-mid-infrared colors (K − N ) by an absorber with extinction A V . The derived extinction as a function of the observed color temperature in the near-IR is shown in Fig. 1 . Since the absorber is likely the parsec-scale "torus" and therefore ≈ 4 − 20× larger than the sublimation radius (Burtscher et al. 2013) , screen extinction appears to be a suitable absorbing geometry. This is also valid for a clumpy torus where the near-IR emission is still expected to be significantly more compact than the mid-IR emission (e.g. Fig. 6 in Schartmann et al. 2008) .
ionized absorption was taken into account in the spectral analysis using the zxipcf model in XSPEC. For obscured sources we added a scattered component, a collisional plasma, emission lines and a cross-calibration constant. The NH values quoted here refer to the cold absorber only, since we believe that the warm absorber is rather related to the outflowing component and propably located on scales larger than the BLR/torus absorption. : fraction of non-stellar flux in the K band within an aperture of 1 (for most sources), T : temperature of a black body from a fit to the K band spectrum (for errors on f NIR AGN and T , see B15), A V : extinction towards the hot dust (from B15; error is estimated to be 3 mag, see Sec. 2), N H : X-ray absorbing column from Ricci et al., in prep (formal errors are < 0.2 dex), N H variable: full range of other published N H values for these sources. Seyfert type: for broad line galaxies (1.0/1.2/1.5) based on a the Hβ/[OIII]λ5007 ratio (see reference there) and converted to a Seyfert type according to the Winkler (1992) scheme; Seyfert 1.8/1.9: Osterbrock (1981) , 1i: broad hydrogen recombination line(s) detected at infrared wavelengths, 1h: broad hydrogen recombination line(s) detected in polarized optical light, 2: no broad hydrogen recombination line detected. New observations with adaptive optics for NGC 6814 show much hotter dust in this source than in B15. The origin of this discrepancy is unknown and might be related to intrinsic variability. Here we adopt an intermediate value, effectively reducing the adopted A V from 7.2 to 0. References. X-ray variability:
1 : Risaliti et al. (2002) For this article we use the average observed color temperature of optical broad-line AGNs (types 1.0-1.9) in this sample as the intrinsic temperature of the hot dust. It is T 1 = 1311 ± 129 K. This scatter in observed intrinsic color temperatures translates to an uncertainty in A V of about 3 mag (see Fig. 1 ) and constitutes the dominant factor in the uncertainty of A V .
Four of the sources in this selection do not show an AGN continuum in the SINFONI data, despite being detected by Swift/BAT in the very hard X-ray band 14-195 keV. For ESO 137-G034 2 , NGC 5643, NGC 5728 and NGC 7130 we can therefore not derive an optical extinction using our method. All of these sources have Compton-thick (log N H /cm 2 > 24.2) neutral absorbers, suggesting that the hot dust may be obscured even at infrared wavelengths.
Compared to other methods of estimating the extinction towards the central engine of AGNs, our method has the advantage of being rather simpler: We only require a measurement of the K band continuum at high spatial resolution such as can be afforded with about 10 minutes of VLT/SINFONI time, for example. In order to apply the more widely used method using broad hydrogen recombination lines, on the other hand, multiple lines must be observed simultaneously in order to constrain both the dust reddening and the ionization properties in the BLR since "case B" is not applicable there (e.g. La Mura et al. 2007; Dong et al. 2008) . Such data rarely exist and so spectra are either stitched together from multiple epochs of observations (with all the caveats regarding variability) or case B has to be assumed for the intrinsic line ratios which effectively leads to an upper limit of the actual obscuration (e.g. Maiolino et al. 2001 ).
Seyfert sub-type and X-ray absorption
In order to investigate the relation between Seyfert subtype and X-ray classification, we need to choose a classification scheme. Perhaps the most physical scheme is the one by Osterbrock (1977) which sub-divides the population into Seyfert 1.0, 1.2 and 1.5 according to the prominence of the broad compared to the narrow component of Hβ. Since isolation of the broad component of Hβ is sometimes difficult, however, alternative schemes use the total Hβ flux and compare it to the flux in the [OIII]λ5007 line (Whittle 1992; Winkler 1992) . This flux ratio also probes the dominance of direct AGN emission (broad Hβ) over "isotropic" AGN emission ([OIII]λ5007) from the Narrow Line Region, but both lines can be contaminated by star formation. It is expected that these contaminations cancel out to some degree which may explain the popularity of this indicator to classify Seyfert galaxies. For this work, we use the Winkler (1992) scheme 3 . Additionally, the classifications 1.8 and 1.9 are given if [OIII]λ5007/Hβ > 3, but weak broad lines -Hα and Hβ or only Hα, respectively -are seen (Osterbrock 1981) . We use the type "1i" classification for AGNs that show broad hydrogen recombination lines at infrared wavelengths and finally there are also Seyfert galaxies of type "1h" where these lines are only seen in polarized optical light. The resulting classifications are given in Tab. 1.
In Fig. 2 we compare these classifications with the Xray absorbing column N H (Ricci et al., in prep) and find a correlation in the expected sense. It is evident that there is a clear separation between broad-line and narrow-line AGNs in X-ray absorbing column with intermediate-type Seyfert galaxies (1.8/1.9) in between. Despite their low number, this is consistent with expectations and with similar studies in the literature (Risaliti et al. 1999) .
It is also noteworthy that we do not find broad-line sources with high column density (log N H /cm 2 22.3), such as Mrk 231, BAL QSOs or the objects reported by Wilkes et al. (2002) . The reason for this is probably that such objects are very rare. In optical spectra of all ≈ 570 AGNs in the BAT-70 month sample, Koss et al., in prep find only 9 optically unobscured AGNs with X-ray columns log N H /cm 2 > 22.3. In conclusion, we find a consistent classification between optical and X-ray bands for our sample simply by choosing appropriate boundaries: If log N H /cm 2 > 21.5 (dashed lines in Fig. 2 ) is chosen for X-ray absorbed AGNs (as in e.g. Merloni et al. 2014 ), the corresponding boundary for "optically obscured" should be Seyfert ≥ 1.8. On the other hand, if Seyfert 1.8 and 1.9 are to be considered unobscured objects, then an absorbing column log N H /cm 2 > 22.3 (indicated by solid lines) should be used to classify objects as X-ray absorbed.
Optical obscuration and X-ray absorption
We can also directly look at the relation between X-ray absorbing column and the optical extinction. Fig. 3 summarizes our analysis, and shows a number of interesting features.
First, we find a general trend of increasing N H with increasing A V : type 1 sources are essentially unobscured both optically and in X-rays; intermediate Seyfert types (plotted in purple) show a variety of absorbing columns in between unobscured and obscured sources; and optically obscured sources all have large absorbing columns (log N H /cm 2 22.3). The only X-ray absorbed source with little optical obscuration (NGC 1052) is a LINER that shows broad lines in polarized light (Barth et al. 1999 ), i.e. it is not a "true type 2" source (e.g. Panessa & Bassani 2002) , but rather one with a peculiar absorbing geometry.
Within the large error of our A V estimate, all sources lie above the Galactic ratio for which we assume a range of (N H /A V ) galactic = (1.79 . . . 2.69) × 10 21 cm −2 (Predehl & Schmitt 1995; Nowak et al. 2012 ). We find a large spread The relation between optical extinction and X-ray absorption was first assessed in a systematic way by Goodrich et al. (1994) and Veilleux et al. (1997) and in many other more recent studies using various tracers for the optical extinction. Shi et al. (2006) for example find a correlation (with large scatter) between the 9.7 µm silicate strength τ 9.7 and the neutral gas column from X-ray observations in the sense that small columns correspond to silicate emission and large columns to silicate absorption. Lyu et al. (2014) study the relation between the Balmer Decrement in the Narrow Line Region and the Silicate strengths in a sample of ∼ 100 type 2 AGNs. There is almost no correlation between the two properties which may be related to the fact that the Silicate absorption predominantly arises in the pc-scale torus while the Narrow Line Region is much more extended. Slightly higher N H values than expected given the optical extinction or reddening have been known since long (Mushotzky 1982; Véron-Cetty & Véron 2000) and are also observed in the Galactic Center (Porquet et al. 2008) (that value is plotted as an asterisk in Fig. 3 ). In the following we discuss possible reasons for deviations from (N H /A V ) galactic .
4.1.
Increased N H /A V due to modified dust? Maiolino et al. (2001) used flux ratios between broad Balmer lines and computed the extinction towards the BLR assuming case B recombination is valid there. They find consistently larger values for N H /A V than expected from the Galactic diffuse interstellar medium and interpret these offsets as evidence for anomalous dust grains in the dense and extreme environments of galactic nuclei. The largest graphite grains can sustain higher temperatures than smaller silicate grains (e.g. Laor & Draine 1993) . The sublimation "radius" is therefore rather a sublimation zone and observations have shown that the innermost dusty region is indeed at smaller radii than expected from models based on Galactic dust properties (Kishimoto et al. 2007; Barvainis 1987) . However, this only affects the innermost zone of the dusty region and convincing evidence for altered dust properties in the bulk of the "torus" is not available.
4.2.
Increased N H /A V due to dust-free neutral gas in the BLR?
An alternative explanation for the observed N H /A V ratios is that there is considerable absorption by neutral gas clouds inside the dust sublimation zone, such as suggested by Granato et al. (1997) . In fact, it is now observationally well established that the neutral absorbing column is variable in many, if not most, AGNs (e.g. Bianchi et al. 2012 , and references therein). The prototypical sources NGC 1365 (Risaliti et al. 2009; Maiolino et al. 2010 ) and NGC 7582 (Bianchi et al. 2009 ) change between Compton-thin and reflection-dominated appearance within hours. Due to the very short timescales, these variations must be caused by clouds in the BLR eclipsing the X-ray source. Further support for dust-free X-ray absorption comes from photoionization models by Netzer (2013) which show that the majority of the gas in BLR clouds is expected to be neutral. In addition to these extreme "changing-look" sources, many more sources show changes in their absorbing column over timescales of months and years. Some of these slower changes in absorbing column may also be related to torus clumps passing our line of sight ), but probably not all of them (e.g. Arévalo et al. 2014) . We searched the literature for all kinds of N H variations for the sources in our sample. The range of reported N H values is listed in Tab. 1 and indicated in Fig. 3 by the dashed lines 4 .
Compared to our "fiducial value" of N H , i.e. the consistent analysis based on the spectral fitting in the 0.3-150 keV band by Ricci et al., in prep, the variability always changes N H in the expected direction: for low fiducial N H we find variability to values higher than the Galactic ratio and vice versa. We note that due to the variable nature of the gas column in most of the intermediate and obscured sources, the precise "fiducial" value of N H is not very important for our conclusions. It is actually striking to see that all six intermediatetype sources show variable gas columns (although for two the range is so small that this may also be due to calibration uncertainties). Since not all of the sources have been explored in the same detail, it is quite possible that for many other sources a large part of the gas column is more variable than indicated in the plot.
Reliability of our A V estimate for the most obscured sources
Our A V estimate relies on the assumption that the 2.3µm continuum is dominated by emission from dust at the sublimation radius r sub . For type 1 AGNs, this has indeed been shown by observations (e.g. Kishimoto et al. 2011 ).
In the most obscured objects, however, the near-infrared emission from r sub is probably obscured and we therefore see hot dust further away from the nuclear engine thanks to a direct sightline through the clumpy torus. In NGC 1068, for example, Speckle imaging and long-baseline infrared interferometry show that the hot dust is located on scales ≈ (3 − 10) × r sub (Weigelt et al. 2004; López-Gonzaga et al. 2014) . This is also consistent with infrared searches for BLRs in obscured objects which have put large lower limits on A V towards the BLR: For five of our type 2 objects, for example, Lutz et al. (2002) did not see a broad component of Brackett α (4.05 µm) implying A V > 50. In heavily obscured sources, our A V estimate is therefore in fact only a lower limit of the actual A V to the inner radius. Even a twofold increase in the A V of these sources would, however, not reduce much the offset these sources show from (N H /A V ) galactic . These sources must have substantial amounts of neutral gas columns within the dust-free BLR. This is consistent with X-ray observations of multiple thick absorbers along the line of sight (e.g. Arévalo et al. 2014; Bauer et al. 2015 , for the Circinus galaxy and NGC 1068, respectively).
Variability in Seyfert type or A V ?
Since the X-ray and infrared observations of our sample are not contemporaneous, how likely is it that deviations from (N H /A V ) galactic are caused by variability in the optical obscuration of the AGN? This question is difficult to tackle observationally due to the very long timescales involved. The crossing time for clouds that can obscure a substantial flux of the BLR for example is at least a few years and likely much more (LaMassa et al. 2015) . Furthermore, in the few, just recently discovered cases where such optical "changing look" AGNs have been found by systematic searches in large archives, these changes are attributed to a change in the emission from the central engine rather than obscuring tive of a more substantial column than given in that paper. We therefore do not show this value in Fig. 3. clouds passing by (Shappee et al. 2014; Ruan et al. 2015; Runnoe et al. 2015) . Such major variations in the accretion flow seem to occur in roughly 1 % of AGNs when comparing observations on a baseline of ten years (MacLeod et al. 2015) . While it is not straightforward to attribute differences in the long-term optical obscuration of an AGN to eclipsing clouds, one can conclude that such changes are rare and therefore unlikely to be the cause for deviations from (N H /A V ) galactic in our sample. 4.5. Could the obscuration be dominated by large-scale dust lanes?
Intermediate-type (1.8/1.9) Seyfert galaxies have been found to lie preferentially in edge-on galaxies and this has caused Maiolino & Rieke (1995) to suggest a distinct inner and outer torus, where the latter would be located in the plane of the galaxy and thus be responsible for the obscuration of these sources. This is in line with observations by Prieto et al. (2014) who have found that kpc-scale dust lanes can often be traced all the way to the central parsec and may be responsible for some of the obscuration seen in those galaxies. But, on the other hand, based on Hubble Space Telescope (HST) data of dust structures in a carefully controlled sample of active galaxies, Pogge & Martini (2002) did not find any evidence for differences in the large scale structure of the various Seyfert subtypes. And on (sub-)parsec scales, mid-IR interferometry of about two dozen objects has shown that the dusty structures in type 1/2 Seyfert galaxies are indistinguishable in terms of size or mid-IR morphology (Burtscher et al. 2013) . At any rate, the extinctions Prieto et al. (2014) found are only relatively small, in the range A V = 3-6 mag. This is sufficient to obscure low luminosity nuclei as the authors note and for some of the less obscured sources in our sample this could be a relevant contribution. It may explain, for example, why the N H /A V ratio in NGC 2992 is very close to the Galactic ratio: due to its rather high inclination 5 its gas and dust column may be dominated by "standard" dust in the host galaxy rather than a possibly large dust-free gas column within the BLR.
Large scale dust can therefore add some scatter to our relation at low extinctions, but will not significantly affect the general trend of increasing N H with A V over 30 orders of magnitude.
Conclusions
In this article we re-visit the relation between optical obscuration and X-ray absorption in AGNs. We improve upon previous works by using a novel indicator for the optical obscuration -the temperature of the hot dust -, consistently estimated X-ray absorbing columns using 0.3-150 keV spectral energy distributions (Ricci et al., in prep) , by taking into account the variable nature of the neutral gas column N H and by using a consistent classification of Seyfert subtypes. Our findings are summarized here:
-All BAT sources without hot dust detections are Compton-thick, but the inverse is not true: some of the most nearby Compton-thick objects show evidence for hot dust (the Circinus galaxy, NGC 1068 and NGC 7582). -We have collected [OIII]λ5007/Hβ fluxes from the literature and determined the Seyfert subtype in a uniform manner using the widely used Winkler (1992) scheme. We find that a good correlation exists between Seyfert subtype and N H and that a consistent classification between optical and X-ray appearance can be reached by choosing the thresholds appropriately. For example, if intermediate-type Seyfert galaxies (1.8/1.9) are considered optically unobscured, log N H /cm 2 > 22.3 must be required for sources to be X-ray absorbed.
-A relation exists between N H and A V , where the N H /A V ratio from the Galactic diffuse interstellar medium sets the floor. Within the errors, all AGNs lie above the relation as seen previously by e.g. Maiolino et al. (2001) . By collecting data from the literature, we find that the Xray absorbing columns in most of the intermediate and obscured AGNs in our sample are variable and their lower values are often nearly in agreement with the expected columns given the optical obscuration and the Galactic ratio. This suggests that the dust properties even in the extreme environment of AGNs can be similar to Galactic. In many sources, deviations from it may simply arise from variable neutral gas clouds within the BLR. This also shows that our "dust color" method is a useful tool to derive A V in mildly obscured objects. -In the most heavily obscured objects, however, we may underestimate the A V towards the dust sublimation radius if the near-IR continuum originates from scales larger than r sub -an issue that the second generation VLTI instrument GRAVITY (Eisenhauer et al. 2011) will resolve. -We would encourage X-ray observers to look for significant gas column variability particularly in those sources that show large deviations from the Galactic N H /A V value, such as in NGC 3081, NGC 4388 or IC 5063.
